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REMARKS 

The subject invention relates to a new method of using laser light to treat the tissue. 
Laser energy, including light from an Nd:YAG laser, has been used for tissue treatment for quite 
some time. For example, Nd: YAG laser energy has been used to treat vascular lesions and for 
hair removal. Most often, the Nd: YAG laser was configured to generate relatively long pulses, 
in the millisecond regime. Nd: YAG lasers have also been operated in the Q-switched mode, 
typically generating pulses in the nanosecond regime, for procedures such as tattoo removal. By 
contrast, there has been less investigative work using Nd: YAG lasers with pulse widths in the 
microsecond regime. 

The inventors herein have developed a procedure for an Nd: YAG laser that has been used 
to successfully treat certain tissue problems, such as skin redness. This approach uses 
microsecond laser pulses, each pulse having a very high energy or power. As recited in new 
claim 103, each pulse should have a power of at least 10 kilowatts. Preferably, each pulse should 
have a power of as much as 40 kilowatts. 

As best described in the specification at page 19, line 26 to page 20 line 23, in the method 
of the subject invention, the handpiece which is used for delivering the laser pulses is spaced 
away from the tissue at a distance of a few centimeters. As can be appreciated, since the 
handpiece is spaced from the tissue, there is no surface cooling as is used in many prior 
applications. The handpiece is moved back and forth over the area to be treated, typically a few 
square centimeters. During the time the handpiece is moved over the target region, a series of 
laser pulses are delivered to the tissue. In accordance with claim 103, at least 400 of these high 
power pulses are delivered. This treatment has proved effective at reducing the redness in tissue 
and has shown some success in reducing wrinkles. 

Attached as Exhibit A and B are two papers discussing clinical investigations related to 
the claimed procedure. Exhibit A is "Nonablative Facial Remodeling" Schmults, Arch. 
Dermatology, Vol. 140, November 2004, page 1371 (2004). Exhibit B is "Assessment of the 
Efficacy ofNonablative Long-pulsed 1064-nm Nd:YAG Laser Treatment of Wrinkles Compared 
at 2, 4 and 6 Months," Trelles, Facial Plastic Surgery, Vol. 21, No 2, (2005). 

The article of Exhibit A relates to a treatment for reducing skin redness or "erythema." A 
CoolGuide Vantage system from the assignee was used in the treatment. The Vantage system 
includes an Nd: YAG laser generating pulses at a 1 .06 micron wavelength. As described on the 
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front page of the article, each patient was treated with laser pulses having a fluence of 13J/cm 2 
with a pulse duration of 300 microseconds. The handpiece was spaced from the tissue on the 
order of 2 to 4 centimeters and no cooling was performed. The tissue was treated in four 
sections with a combined total of 12,000 to 14,700 pulses of light. The user continuously moved 
the handpiece in a back and forth fashion. This preliminary study indicated that the treatment 
can reduce redness and stimulate collagen formation which improves skin quality. 

The article of Exhibit B relates to the treatment of wrinkles. A Vantage laser system of 
the type described above was used. As noted on page 147, the researchers used a pulse width of 
300 microseconds and a fluence of 13 J/cm . The handpiece was held about 2 centimeters away 
from the skin and was scanned from left to right and top to bottom until 500 pulses were 
delivered. This preliminary study showed reduction in wrinkles for at least some of the patients. 

Applicants wish to the note that at least the study in described in the article of Exhibit A 
was funded in part by the assignee as is common when new devices and procedures are being 
developed. It should also be noted that each of these studies were published in peer reviewed 
journals. 

In response to the Final Office Action, and in order to expedite prosecution, Applicants 
have cancelled all of the pending claims and have submitted a single new independent claim and 
a set of dependent claims targeted to applicants' preferred method of operating a Nd: YAG pulsed 
laser system. It is believed that this preferred system is not taught or suggested in the prior art of 
record. 

Turning to the Office Action, the Examiner had rejected the previously pending claims 
based on Eckhouse (5,776,175). Eckhouse primarily relates to a flashlamp based light source 
used to treat tumors. The background section of the Eckhouse patent discusses the problems 
with X-ray, microwave and laser based treatments. In particular, Eckhouse notes that Nd: YAG 
lasers are not suitable for tumor treatment because of their small spot size. In contrast, Eckhouse 
teaches that for treating tumors, relatively large spot sizes, several square centimeters, are 
desirable. 

Eckhouse then teaches that in his preferred embodiment, the radiation source should be a 
flashlamp 14 which emits broadband, incoherent radiation. Eckhouse discloses a number of very 
broad ranges of operating parameters. For example, the treatment spot can range from 0.8 cm 2 
up to 500 cm 2 . The pulse width can range from 100 microseconds to 50 milliseconds. Energy 
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densities as low as 100 millijoules/cm 2 are disclosed (column 5, line 3) while energy densities as 
high as 120 J/cm 2 are disclosed (column 2, line 20 and line 37). These suggested fluences cover 
a range of three orders of magnitude. 

Eckhouse fails to teach or suggest the method of new independent claim 103. As noted 
above, Eckhouse teaches away from the use of narrowband radiation from an Nd:YAG. None of 
the pulse width, energy or spot size parameters described by Eckhouse are associated with a laser 
system, only his flashlamp system. Furthermore, nowhere does Eckhouse teach or suggest a 
method which relies on a series of high power laser pulses, each pulse greater than 10 kilowatts. 
While it is no doubt true that a combination of the highest fluences suggested by Eckhouse (such 
as 120J/cm 2 ) with his shortest pulses would produce high power pulses, nowhere does Eckhouse 
teach that such an approach is helpful or required. Regardless, and as noted above, Eckhouse's 
parameters are associated with the operation of a broadband flashlamp, not a narrowband laser. 

Beyond the differences noted above, Eckhouse does not teach or suggest a method 
wherein a handpiece is provided that is spaced from the tissue during treatment. Eckhouse is 
silent on this issue. Eckhouse describes a quartz light guide 22 for delivering the radiation to the 
treatment site or emitting light directly from an opening in the housing (column 4, line 66). 
Eckhouse also fails to disclose a treatment method wherein a handpiece is moved back and forth 
over the skin while delivering at least 400 pulses of laser light to the areas to be treated. Rather 
than scanning the handpiece to treat a region larger than the spot size, Eckhouse teaches that the 
spot size should be increased. "By applying the radiation over a larger area, for example, 500 
cm , even heating of large tumors can be achieved, reducing the chance of uneven tumor 
treatment and the risk of damaging tissue." (column 5, line 39) 
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Based on the above, it is respectfully submitted that new independent claim 103 is not 
anticipated or rendered obvious by Eckhouse and allowance thereof, along with the claims 
depending therefrom is respectfully solicited. 

Respectfully submitted, 
STALLMAN & POLLOCK LLP 



Dated: December 




Reg. No. 29,444 
Attorneys for Applicant(s) 
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EXHIBIT A 



Nonablative Facial Remodeling 



Erythema Reduction and Histologic Evidence of New Collagen Formation 
Using a 300-Microsecond 1064-nm Nd:YAG Laser 

Chrys D. Schmults, MD; Robert Phelps, MD; David J. Goldberg, MD 



Background: A variety of nonablative lasers have been 
used to improve skin color and toning. Evidence of new 
collagen has been seen. Using blinded observer analysis 
of electron microscopic changes, we have documented 
the effect of a nonablative Nd:YAG laser on collagen pro- 
duction and its relationship to patient age. 

Observations: Ultras tructural analysis of 9 patients 
showed a decrease in overall collagen fiber diameter in 
the papillary dermis at 1 month and 3 months after 3 treat- 
ment sessions. This is consistent with the formation of 
new collagen. Younger patients had a greater decrease 
in collagen fiber diameter compared with older pa- 
tients. The change in collagen fiber diameter with time 
as well as the relationship between that change and the 



patient's age were statistically significant (P<.001). Pho- 
tographic evaluation showed that those patients with pre- 
existing erythema showed improvement in erythema along 
with an associated improvement in skin quality. There 
were no adverse events. 

Conclusions: Microsecond Nd:YAG lasers appear to be 
safe for nonablative laser remodeling. Our study indi- 
cates that microsecond Nd:YAG lasers can produce new 
collagen formation in the papillary dermis. In addition, 
the condition of patients with erythema may be im- 
proved. Younger patients may form more new collagen 
compared with older patients with photodamage. 

Arch Dermatol 2004;140:1373-1376 
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BOTH NANOSECOND (Q- 
switched) and millisecond 
(long-pulsed) Nd:YAG la- 
sers are currently used for 
nonablative dermal remod- 
eling. 17 They are thought to stimulate new 
collagen production by producing a ther- 
mal injury to the dermis that initiates a 
wound-healing response. 8 During wound 
healing, procollagen and type 111 collagen 
fibers are produced initially and have a small 
diameter. Later in the wound-healing pro- 
cess, thicker type 1 collagen fibers are made 
and cross-linking occurs, leading to an in- 
crease in the average diameter of collagen 
fibers in the dermis. 9 Collagen fiber diam- 
eter can be measured via electron micros- 
copy (EM). Electron microscopy studies of. 
nonablative lasers such as the 585-nm 
flashlamp pulsed dye laser have shown a de- 
crease in diameter of dermal collagen fi- 
bers after nonablative laser therapy. 10 A de- 
crease in collagen fiber diameter has been 
associated with production of new colla- 
gen, 8 - 9 which is thought to increase skin 
firmness and improve skin texture in pa- 
tients after treatment. 

Recently, intermediate pulsed Nd: 
YAG lasers have been developed with pulse 
durations in the microsecond range. We 
investigated one of these new microsec- 
ond Nd: YAG lasers to determine its safety 



and efficacy in nonablative dermal remod- 
eling by using clinical photographs and EM 
analysis of dermal collagen fibers. 



METHODS 



Ten women aged 28 to 67 years with erythema 
and/or fine lines were enrolled in astudy approved 
by the Pascack Valley Hospital (Westwood, NJ) 
institutional review committee. Subjects had Fitz- 
patrick skin types I through III. After signing a 
consent form, all subjects' faces (excluding the 
periorbital area) and jawline were treated 3 times 
at 2-week intervals with a 1064-nm Nd:YAG la- 
ser (CoolGlide Vantage; Cutera, Brisbane, Calif). 

See also pages 1333 
and 1379 

Prior to treatment, the skin was cleansed with 
a standard bacteriostatic soap and water. Sub- 
jects' eyes were protected with stainless steel ex- 
ternal ocular shields, and laser pulses were ap- 
plied on the skin adjacent to but outside the 
orbital rim. The laser parameters were set to a 
fluence of 13 J/cm 2 , a pulse duration of 300 mi- 
croseconds, and a spotsize of 5 mm. A smooth, 
rapid painting motion was used to administer 
treatment, with the tip of the instrument 2 to 4 
cm above the skin surface. Based on this sepa- 
ration from the skin, the actual laser beam at the 
skin surface is 6 to 7 mm in diameter, with cor- 
responding fluences from 9 to 7 J/cm 2 , respec- 
tively. No cooling was performed. 
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Figure 1 . A, Erythema of the face before treatment with a 300-microsecond 1064-nm Nd:YAG laser; B, 3 months after final treatment. 




Figure 2. A, Erythema of the face before treatment with a 300-microsecond 1064-nm Nd:YAG laser; B, 3 months after final treatment. 



The face was treated in 4 sections, with a combined total 
of 12000 to 14700 light pulses applied per treatment. The 
pulses were applied at a rate of 7 Hz with a continuous 
morion of the handpiece at approximately 8 cm/s such that 
the pulses had litde, if any, overlap. This was accomplished 
through a back and forth motion in 1 direction, combined 
with gradual motion in the perpendicular direction. Within 
each section of the face, repeated passes were made. The end 
point was determined based on the number of pulses. Each 
entire treatment consisted of approximately 30 minutes. 

Two-millimeter punch biopsy specimens were obtained at 
baseline and at 1 and 3 months after final treatment. Biopsy 
specimens were taken from the infra-auricular sun-exposed area. 
Sequential biopsy specimens were taken nearly adjacent to each 
other. Collagen fibers from the papillary dermis were visual- 
ized and photographed via EM by previously described meth- 
ods. 1112 Collagen fiber diameter of longitudinally cut fibers was 
measured direcdy on the photographs in millimeters, then ad- 
justed for magnification to give a diameter in nanometers. For 
each biopsy specimen, a blinded physician observer measured 
and recorded the diameter of collagen fibers from 5 photo- 
graphs. Ten fibers were measured per photo for a total of 50 
collagen fiber measurements per biopsy specimen. The mea- 
surements for each specimen were averaged and then a mean 
fiber diameter for all patients was calculated for each time point. 

Statistical analysis of the collagen fiber measurements was per- 
formed using SAS, version 8.2 (SAS Inc, Cary, NC), on a UNIX 
platform. The fiber diameter reduction from baseline to 1 and 3 
months was tested using the 1-sided paired t test. Linear regres- 
sion analyses were performed, and Pearson correlation coeffi- 



cients were calculated for the correlations between age and change 
in fiber size from baseline to 1 and 3 months. An analysis of vari- 
ance (ANOVA) was performed to analyze the relationship be- 
tween the fiber size distributions and the time point. 

In addition to the ultrastructural measurements, subjects were 
photographed at baseline, prior to each treatment, and at 1 and 
3 months after final treatment. Digital photography with identi- 
cal lighting conditions was used for all photographs. Photo- 
graphs were evaluated by 2 nonblinded physicians, and changes 
in erythema and skin quality were assessed at each time point as 
compared with baseline. At each visit, patients were assessed for 
adverse effects, including erythema, edema, purpura, blistering, 
pigmentary changes, and scarring. At each visit, all subjects were 
asked if they had any adverse events between visits. 





RESULTS 


■ 


iMtt— ■ iii) iiliillliil'i 





There were no adverse events reported in this study. Treat- 
ments were well tolerated by all patients, with minimal 
discomfort. Transient erythema occurred after almost all 
treatments but disappeared within hours of treatment. 

One patient was lost to follow-up after the first treat- 
ment and was excluded from all analysis. One patient was 
excluded from clinical analysis owing to photographic er- 
rors but was still included in the EM collagen fiber analysis. 

Four patients had noticeable erythema prior to treat- 
ment. All 4 of these patients had a reduction in erythema 
at 1- and 3-month follow-up visits as evidenced by pho- 
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tographic evaluation. The improvement was greatest at 3 
months. Skin texture was also improved in areas of ery- 
thema reduction as evidenced by photographic evaluation 
(Figure 1 and Figure 2). 

Mean collagen fiber diameter decreased compared with 
baseline at 1 and 3 months after the final treatment 
(Table) (Figure 3) in 7 of 9 patients. This difference 
approached statistical significance at 1 month (P=.08) 
and was significant at 3 months (P=.03). The relation- 
ship between fiber width distribution and the 3 time points 
(Figure 3) was significant (P=.02) by the ANOVA. An 
example set of EM photographs demons trating the de- 
crease in fiber size is shown in Figure 4. 

The decrease in mean collagen fiber diameter ap- 
peared to be related to age. Younger patients appeared 
to have a greater decrease in collagen fiber diameter at 3 
months (Figure 5). The linear regression analysis showed 
that for regression between subject age and change in fi- 
ber size from baseline to 1 month, the P value is .01 (Pear- 
son correlation coefficient, -0.78), and to 3 months the 
P value is <.001 (Pearson correlation coefficient, -0.91). 





COMMENT 









The microsecond Nd:YAG laser investigated in this study 
appears to be safe for Fitzpatrick skin types I through III 
when used within the parameters studied and may be use- 
ful for reducing facial erythema and improving skin tex- 
ture. The significant decrease in collagen fiber diameter 
seen by EM analysis at 3 months after treatment sug- 
gests that new collagen is being produced. 8,9 This is con- 
sistent with an early wound-healing response in which 
thin procollagen and/or collagen III fiber production is 
increased in the papillary dermis. This new collagen pro- 
duction may be responsible for the improvement in skin 
quality seen after nonablative treatments. 

Older patients appeared to have little to no decrease in 
collagen fiber diameter after treatment This may suggest 
that older patients do not produce new collagen in re- 
sponse to nonablative laser therapy. The oldest patient in 
this study (patient 7: age, 67 years) actually showed an in- 
crease in collagen fiber diameter. Marked solar elastosis was 
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Figure 3. Mean percentage of collagen fibers of varying sizes before and 
1 and 3 months after treatment. 

present microscopically in all 3 biopsy specimens from this 
patient Elastosis can impede accurate measurement of col- 
lagen fiber diameters, making data analysis difficult to in- 
terpret by our methods. When the data for patients 58 years 
and younger (n=8) were analyzed, the significance of the 
decrease in mean collagen fiber diameter was more evi- 
dent with baseline mean diameter of 63.6 nm, 1 -month 
diameter of 57.2 nm, and 3-month diameter of 54.0 nm. 
The difference between baseline and 1 -month diameters 
(6.4 nm) was statistically significant (P=.04), as was the 
difference between baseline and 3-month diameters 
(9.5 nm) (P=.007). 

It is possible that elastosis can block laser energy from 
hitting its targets and thereby inhibit its effectiveness in 
stimulating dermal remodeling. This may be why the 2 old- 
est patients in our study did not show a decrease in colla- 
gen fiber diameter. Older patients with photodamage may 
have minimal new collagen production in response to 
therapy. Anecdotal reports from clinicians indicate that 
younger patients with less photoaging have the greatest im- 
provement from nonablative laser therapies. This study in- 
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Figure 4. Electron micrographs of collagen fibers in the papillary dermis in 1 patient (A, pretreatment; B, 1 month after treatment; and C, 3 months after treatment 
[reticulated background represents either proteoglycans or glycosoaminoglycans]). The collagen fibers show typical periodicity and are cut longitudinally 
and transversely. There is gradual decrease in average .width from pretreatment to 3 months (scale bar, 320 nm; original magnification x 40 000). Typical collagen 
fibers are labeled M C." 
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Figure 5. Mean decrease in collagen fiber diameter 3 months after final 
treatment 

dicates that microsecond Nd:YAG lasers can reduce facial 
erythema and improve skin texture. The skin textural 
changes may be similar to those reported with a variety of 
nonablative lasers. 13 " 16 A statistically significant reduction 
in collagen fiber diameter after treatment indicates forma- 
tion of new collagen. This may be 1 mechanism by which 
microsecond Nd:YAG lasers exert their clinical effects. Older 
patients with photodamage had less of a reduction in col- 
lagen fiber diameter. This may reflect less new collagen for- 
mation, which may lead to reduced clinical effects in such 
patients. 

Further work remains to determine the role that age 
and photodamage may play in dermal remodeling and 
clinical effectiveness after nonablative laser resurfacing. 
Studies are also needed to better define the mechanisms 
by which nonablative laser resurfacing exerts effects on 
collagen and other components of the dermal matrix. 

Accepted for Publication: June 2, 2004. 
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Assessment of the Efficacy of Nonablative 
Long-Pulsed 1064-nrn Nd:YAG Laser 
Treatment of Wrinkles Compared at 2, 4, 
and 6 Months 

M.A. Trelles, M O , Ph.D., 1 X. Alvarez, 1 M.J. Martin-Vazquez. 2 
Trelles, 2 M. Velez, 1 J-L. Levy, 3 and I. Allones, M.D. 1 



ABSTRACT 



Rhytidcs represent an aestherie problem for a large percentage nf the population, 
Many methods, both noninvasive, and invasive, Jiave been used ;fox the treatment of" 
wrinkles. Recently, tlie long-pulsed 3 064mrn Nd:¥A.G laser has been shown to enhance 
dermal collagen synthesis witiput'darriagiiig the epidermis. The purpose of this prclimi- 
nary study is to - evaluate the use pf the lonp-pukcd Nd:YAG laser in the nonanlative 
'neatment of periocular and perioral wrinkles: Ten patients with ftcial wrinkles were treated 
with the long-pulsed 1064^nro NcLYAG laser, at a sppt size of 5 rnin in. diameter, energy 
density of 13 j/cm 2 , exposure time per pulse of 300 rnioosecondsi and a rer^tj^ rate^of 
.7 Hz. All patients had a total of three-treatment*;, once every 2 weeks. Subjective (patient 
.gfltisracfion indpc [SI]) and objective (both, physician- and. computer program-:based 
clinical index [CI]) assefsme)\rs were performed before: the first and third treatment 
.^ions, ami at '2, 4, and 6 months after the last treatment. At 6 months after the final 
'treatment session, the patients* subjective SI was maintained at 40%, and had peaked 
at 50% 2 1 mqntlis afVei the final session. Phystdaii assessrneiit Showed a CI; of 40% at the 
rVmpnth assessment point ; and the'corqputer pn>gram showed a 50% CI. The latest level 
Of efledf wi^ noriafclattve sl^-rejuyeruttipn for facial wrinkles , 

was seen 2 months after the final treatment. Effects were still visible at the 6-month period, 
hut showed a tendency: to decrease. Maintenance treadnents-are required to achieve good 
parent satisfecfi on. 

KEYWORDS; bDng-pulsed Nd:YAG laser, perioral wrinkles; periocular wrinkles, 
nonebiatrve skin rejuvenation,, nepcollagenesis. 
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JVlariy different rnctliods have been used in the - 
treatment of facial wrinkles, including chemical and 
mechanical peels, fillers, botulinum toxin, and light 
energy of various wavelengths and wavebands with lasers 
and intense pulsed light systems. The basic concept 
behind the use of the laser in tiic treatment of wrinkles 
is the induced formation of new dermal collagen follow- 
ing a delibcratc deppsidon in the mid to upper dermis of 
laser energy-induced thermal damage due- to the absorp- 
tion of the laser energy in the target tissue." the 
neocpllagenesb induced by laser energy may follow laser 
skin ablation (including total remo val of the epidennis) 
or nonablative skin, rejuvenation (in which the photo- 
thermal damage in the dermis is delivered through an 
intact epidermis), it is generally accepted that the lasers 
of choice in ablative resurfacing are the EnYAC arid 
the C0 2 lasers, or a combination of both in the one 
system, 3 "* to deposit enough residual thermal damage 
ill the dermis, these lasers mus; first remove the epi- 
dermis. Ablative laser resurfacing is associated with 
excellent results in: the removal of even deep wrinkles 
and the provision i of a very good skin condition, hut these 
are offset by lengthy parient. downtime as a result of 
post(mera^c ousting, edema, and proloii^ed erythema, 
which may -also be complicated by blection, scarring, 
and he^cs-rdated lesions. 6 ' 7 l>c nonablative approach 
allows the deposition of thermal damage to the dermis, 
- Mowea^neocoiiag*^^ 

epidermis and without any downtime. However, a vari- 
ety of supplementary and complementary treatment 
methods are.rcquired,to getgood results, and even these 
are inferior to the efficacy of Ac ablaftve approach. 

; nVe' long-puiscd'NdiyAGlaser at the wavelength 
of 1064 nm might permit: the deposition of a good 
paciet;pf energy ^ 

thereby proVoldog a degree of irritative dermal photo- 
thermal damage that -is isoifficient to induce the various 



stages of die wound healing process, finally resulting in 
the formation and modeling of new collagen. Epidermal 
protection with this type of system is often accomplished 
with a cryocooling device incorporated in the laser 
handpiece. This study was designed to assess the efficacy 
q£ a long-pulsed Nd:YAG system in the treatment of 
perioral and periocujur wrinkles, with postoperative 
assessments at 2, 4, and 6 months. 



SUBJECTS AND METHODS 

Patients 

The- study subjects comprised 10 patients (seven females 
and three males), skin types nuiging from II to IV, (four 
type II, four type 1 V, and two type II), and ages ranging 
-from 36 to 61 years (mean age, 472 ± 8.85 years). 
Patients had wrinkles in a variety of sites (perioral, six 
patients; periocular, three patients; and forehead, one 
patient), wrinkle grades I to III (Table 1), Following an 
explanation of the trial and its aims and objectives) all 
patients gave their written informed consent. The study 
Wasappnn^U%AcEr^^ de 
Gimbcrnar Foundation . No patient had received treat- 
ment of the face with any land of preparation priprfto the 
trial. Each patient received three treatments scparatcd'by 
2-wcelc intervals. - 



Laser System and Treatment 

The system used in the study was the Alrus Vantage 
(Cutcra Inc., San Francisco, CA); a .lOT^pulscd 
NdrYAG system emitting at 1064 nm. the handpiece 
can deliver a spot size of;£rom 3 to 10 mm in diameter, 
and depending on the spot size selected, the system 
automatically prograrns the other treatment parameters, 
such as the pulse duration, energy, and the repetition rare 



Tablo 1 Details of Patients and the Efficacy at thatf rMonth Assessment 



Patient No. 


Gender 


Age 


Phototype 


Wrinkles 
Grade Site 


Subj* 


Results 
Objt 


Oornp* 


\ : 


F 


38 


III 


II 


■POc.. 


r 


2 


2 


2 ' 


F 


M 


III 


II. 


POc* 


2 


2. 


l\ 




,F> 


39 


II 


II 


POc 


2 


3 


3 


4 


■F 


.56 


IV 


III 


POr 


2 


*3 


3 


5 


M 


42 


III 


I 


POc 


1 


3 


3 


B 


f 


•36 


II 


IL 


POr 


3 


2 


3 


7 


F 


58 : 


II 


in. 


POc 


3 


'3 


3 


S 




'44 


II 


I 


POc 


3 


2 


2- 


9 


•M 


61 


III 


ill 


Brow 


2 


2 


7 


10 


k 


-52 


IV 


ii 


POr 


1 


2 


2 : 



•GrBdos-^ wnol satisfied; 2 = foiny sa listed: 3 = satisfied; 4 ^..very satisfied. 

•Grades:' 1 dO^25%; 2«2B-50%;- 3 « 61-76%; and 4 « 76-100% improvement ' 

'Grades: 1 .= 100-78%: 2 = 75-51%; 3 = 5f>20%: and 4~25-0% improvement 

POc periocular: PO r . perioral; Subj. patient satisfaction; Obi, clinician assessment from cfinicaJ 

photnyraphv; ComP. computer system.. 
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i. 



9 



of each pulse. We used a spot size of 5 aim in diameter, 
ao energy density (radiant flux) of 13 j/cm 2 , pulse width 
of 300 mjcxoseoitids, and a repetition rate of 7 Hi. No 
pretreatmcnt anesthesia wasTcquired. The patients wore 
appropriate protective eyewear. In accordance With ihe 
manufacturers mstnictions, the treatnieiit head was held 
approximately 2 cm away from the, skin and scanned 
smoothly over the area to be^treated r scannmg.bodi from 
leftto right aikd top to bottom, ^pamting" the entire area 
to be treated, until a total of approximately 500 pulses 
was completed for each tteaonent area. If the patient 
complained of pain, then the handpiece was moved 
slightly further from the tissue and scanning was done 
a little faster. 



Subjective Patient Assessment 

The : patient assessment was performed using question- 
naires, in which the patients were asked to give their 
degree of satisfaction based on a 5-poipt scale from 6 to 
4 (0 = worse; 1— little satisfaction or not satisfied; 
2 = fairly satisfied; 3 satisfied; and 4 ^ vcry satisfieti). 
>C&e^tiormaires were given out alter the third session, 
and then at 2, 4, and 6 months mcrcafter. 



Assessment of Pain and Erythema 

The degree of pain-rhiring treatment was assessed by the 
patients on a 4-pbint scale from I to 4 (1 -~ no .pain; 
2 — some pain; 3 l — very .painful, but bearable; and 
4— imbearable pain. Erythema -related .with die treats 
mcnt was assessed just aitcr trcauneiit and in the 42 
hours after- treatment on a 4-point scale =iro. eryth- 
ema; 1 ^=ssome erythema; = noticeable eryth- 
crm^ and *+^^ 



Histological Assessment 

To examine the dciinal morphology associated with our 
treatment technique, our patients volunteered for histo- 
logical specimen biopsies, (patients %■ 5, 7, , and 8); all 
biopsicsrwere taken rrom the: preauricular area, Biopsies 
were taken before the first: treatment session and 
2 months after < the. final treatment session; specimens 
were placed in formalin and routinely processed for 
hematoxylin and' eosio graining:. 



Clinical Photography 

Objective clinician assessments was based on the clinical 
macrophotography of the treated urea with the patient's 
face at rest before the first and after the third treatment 
session, then at 2, 4, and 6 months after the third and 
final session. For treatment of the forehead, the patient 
was asked to rnaintain a relaxed, neutral posture of the 
face with the eyes open* For the periorbital area, the 



patient remained at resi with his or her eyes gentry 
closed. For patients who were having the perioral area 
O'eated, during the photography th ey were asked to keep 
their mouth closed, without exerting any force, in as 
natural a position as possible. The photography wus 
performed in die same room, with the patient in the 
same position under the same ambient light source. 
Digihd photography was captured with the Sony Mavica 
MVC-FD91 (2 megapixels, high-resolution setting) 
(Sony Corp., Tokyo, Japan). The clinician assessment 
was on a5 -point scale from 0 to4: 0 worse; 1 = little or 
no imprpiTment (0 to 25%); 2 — some improvement (26 
to 50%); 3 = good improvement (51 to 75%), and 
4 ^-excellent improvement (76 to 100%). Assessment 
was performed b> r an independent blinded expert. 



Computer Evaluation 

The objective physician evaluation from the clinical 
photography was complemented with a computerised 
automated irmtge. extraction system, which was capable 
of assessing wrinkle depth and wririlsle direction. Sam- 
ples from the clinical photography were automatically 
normalized by removing noise, standardizing brightness 
and scaling, and adjusting, contrast and himinosity 
parameters^ All of these procedures were performed by 
the computer program. This software Was developed 
together with the Department of Computer Architec- 
ture, the University of Malaga (Spain). 11 

; A Canny operator was next used as an optimal 
edge detector, working in a multistage process, which 
resulted in an image made up ofrl -prxd-thick connected 
segments that closely followed the faint margins of the 
wrinkles,* 2 In this way, the pre- and; posttreatment. 
conditions and areas of the wrinkles in each image; 
were computed, and improvemcjits were calculated 
based on a 100% .baseline of the images taken before \ 
the first treatment, then compared rafter the third treat- 
ment, and then at 2, 4, and 6 months -thereafter. The 
improvements in percentages were .assigned to a 5-point> 
scale where 0 worse, 1 — little or no improvement (100 
to 74%); 2 n- fair -improvement (75 to 51%); 3 = good 
improvement (5.0 to 26%); and 4 = very good improve- 
ment (25 to 0%) i; 



RESULTS 

All 10 patients completed the study. At tlie 6- month 
final assessment point, 30% (three of 10) of the patients 
we^e not satisfied with the result, 30% (three of 10) were 
fairly satisfied, and 40% (four of 10) were satisfied. No 
patient was very satisfied, and none got worse. The 
satisfaction index (ST) was calculated by adding the 
number of patients in grades 3 and 4 (satisfied and 
very satisfied) expressed as;a percentage o£ all patients; 
thus the SI was 40%. The physician assessment placed 
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Teble2 Evaluations of Postoperative Pain and Erythema,* Hyper- end Hypopigmentation, 
end Other Complications 



Reactions 



Side Effects and Complications 



Patient No. Pajnj Erythema* Bum Hyparplgmantation Hypopigmentation Others 



1 


1 


1 


2 


3 


++ 


3 


1 


+ 


4 


1 




5- 


1 




6 


2 


++ 


7 


1; 


1 


8 


1 


+ 




- ,3 


+++ 


10 


"T 





*Toio1iy rtyolved iii all patieiitsin 24-4S hours; 

' Rain scale: A « unbearable: 3 =very painful: 2 =peinfu*: -1 « iirrlB or no pain. 

i Erythema .scale: +4++ = intense; +++ = noticeable; +«- = some; 4- « Httfe or none; 



six of the 10 patients (60%) in. the fair improvement 
group aj^AcViOTaiiung four patients (40%) in the good 
irriprovcmcnt;grwj)f T1\e -selective* cHoical index (Ci) 
was calculated by adding die patients in the good and 
very good fgroups only; thus, the physician CI "was 40%. 
The computer system findings had 50% in the fair 
improvement and 50% in /the good improvement group; 
thus, the ; computer CI was 50%; In neither of the 
ohjcctiyc evaluations did - any patient get worse, and no 
patientHvas scored hi the very good improvement group 
(Table 1)1 - : V ' 

Regarding pain* two of the 10 patient* conimu- 
nicated that treatment was very painful but the pain was 
bearable, one patient had somc pain, and roe remaining 
six -patients had mo f paihV In .all patients, erythema 
spontaneously resolved in 24 to 48 hours. One:paticnt 
scored noticeable erythema, three patients scored some 
erythema, and rWremairiing sue patients scored little or 
no erythema. Neither pain nor erythema was related 
with the patient ^skirr phototype: There were no side 
effects or other cnmplitimona seen in any of the patients 
(Table 2). . * 

Despite, the comparatively poor finding? in .pa- 
dent satisfaction at the 6-month point, with only 40% 
of the patients. satisfied, there was an interesting peak in 
the. patient SI at the 2-month assessment point up to 
50%, which then decreased between the 2- and 4-month 
points and leveled out at 40%, better than that after the 
third and last treatment session of approximately 30%. 
RougWy the same distribution and 2-month peak in the 
CI was seen in both the physician and computer assess- 
ments (Fig. 1). 

Fig. 2A shows the average patient assessment of 
the improvement in the depth of wrinkles in the 5 days 
immediately after the first treatment session, and at 
the 6-month assessment point, with the condition of 
the wrinkles prctreatment set at the 100% baseline. The 



edema after the first treatment probably caused this 
transitory improvement due to the plumping up of the 
sldh, but the edema' subsided the wri nkles became deeper 
again, although the final assessment still showed some 
improvement compared witli the baseline. The averaged 
patient assessment of the evolution of his or her eryth- 
ema can be seen in Fig. 2B , showing complete evolution 
by postirradiation day 4. Fig; 2C shows the patient 
.assessment of the improvementin his or her skin texture 
immediately after the first treatment, and at the 6-month 
assessment point. Unlike the other values, this one 
mterestingiy continued to increase as time passed. 

The computer-based image extraction program 
was used to assess objectively the directionality of 



100 • 



80-- 



ED * 



40 - 
20- 



' Computer (B8S86oe1QC% r 
Doctor ibaxelinB 0%) 
••O— - PaUem (BaseUoc D%) 




t 



*— 2 months-* ^Zmomnr 



1st 2nd 3rd 
Treatments 



FoflDv-op assessments 



Figure 1 The subjective patient satisfaction index compared 
with the objective clinical indices from the clinician assessment 
and the computer image extraction program over the course of 
treatments and assessment points at 2, 4. end 8 months after 
the. final treatment. Note that the patient and clinician assess- 
ments start from a pretreatment baseline of 0%, whereas the 
computer program baseline Is 100%. Note also lhat the peak 
response occurs in all assessments at around 2 months after the 
last treatment, falls off thereafter, and plateaus at the 6-mnnTh 
assessment. 
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0 1 2 , 3 t 4 5' 
Days posttrradiation 



6 

Month 



« 0 ----- 




1 2 3 4 5 
Days postirradlation b 



3* 



E 




... 3.^:/-'. 5 , 

Months after the first treatment 



3 5 - 7 

Months alter the first treatment 



Figure 2 lAJ Patient assessment depth rif their wrinldes; in the ; 5 toy's immediately after friejfirst treatment. . 

eritl at the 6-montri assessrnenl poii(t;;w The greatest improvement was seen tn the'first 2 tc/3 

days. probabJKcprrespqn^ edema. As that resolved the wrinkles deepened. so'by lftB fifth 

ppsweatmenr day, the leve^ (B) 
ThisfliusrTareBjte treatment session os assessed by the patients. Erythema had resolved in all 

patients by the. fourth postirradiatibn dav/(+».ho erythema; ++ = some erythema;; f 4H-== hoiiceab^^le'er^Bma and = intense 
ejjjihema. No patient (reportedlntense erythemai) (Q Skin texture was also assessed; by trie patients at ^e;thi^vand iinaT treatment 
session, then at the:2-.;4- and G-rripnth assessment points. .Unlike the wririkle irnproyement, the skin texture continues toimprovoover 
. the.Bs.se5smem<periodL although , a less dramatic improvement fa seen from the 4-munth assessment point, 5 months after the first 
treatment. (0 = no improvement 1 - mild improvement, 2 » fair improvement, 3 = good improvement, and 4 - excellent improvement). 
(D) The computer image 'analysis program-examined the directionality of wrinkles, seen as areas of: depth lower than the surrounding 
tissue, and cbnnectirig^erce^ed ahaas of deplh linearly lo represent wrinkles. The greater the directionality, the rnore:apparent was the 
wrinkle, and vice versa.Tho pretreatmem baseline is set at 100%. 



wrinkles before thc firet Treatmeot, after the third treat- 
ment (at 1 month), :ajiuf fheii at 2, 4; and 6 months 
thereafter. Dircctipiialiiy -means the tendency for the 
computer ro recogni7e linear effects itV the skin" texture of 
the, sample. Hie greater the auectionality seen by the 
propam, the more apparent was die wrinkle. An initial 
noticeable decrease in directionality gradually leveled out' 
with the passage of time, as seen in Fig. 2D. 

A typical example of the. histological findings is 
seen in Fig. 3. In the pt^uradiation view (Hg. 3A), there 
was a, typically elartoric'dcrinis. containing many tntcrfi- 
brillary spaces under a flattened epidermis with a dis- 
organized stramm corneum. At the 2-month assessment 



point (i.c.,. 3 months after the first treatment), the 
appearance of the epidermis had tteckeiwd, the stratum 
comeum was more compact, and the dermis 'appeared 
much better organized, with a good layer of compact anil 
linearly oriented dermal collagen coursing under the 
epidermis. 

. The 58-year-old skin type II female in Fig. 41s 
a good representative example of the upper range 
of improvement following long-puke Nd:YAG skin 
rejuvenation of her periocular region, seen before treat- 
ment (Fig. 4A) and at the 6-month assessment point 
after the final treatment (Fig. 4B). The wrinkles had 
improved slightly, but the skin, texture was very good, 
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Figure 3 Representative histology; (A) pretrea^ent.and IB] 2, months af\er trie. final treatment 13 months after theifirst ireatmentl. 
Skin, hematoxyl in and eosin staining; .original magnlfteati'on: x.200. 



xyithrrcmov^ of sonie small blood vessels fm her upper 
cheek. Computer, analysis shows pixcl.parameter detec- 
tion and calculation to arrive at a percentage rsconng of 
results. Perccntaj^ ^unprcwemcnt.is assigned after stand- 
ardization of light conditioo land- elimihation of noise 
present in photos takch before and after (Figs. 4C 
and : 4D). / . J 

In Pig. Va -61-ydar^oid male is seen (before 
treatment of his forehead wrinkles, arid; at the '6-mbnth 
^sessrhchf poin>.(I% ? Sft^ improvement-.coulti :be 
seen -in both the Avririkles and the skin texture. • 



DISCUSSION 

Nonahlfltivc . ski n" rejuvenation is based on the theory- of 
delivering a useftd : packet of photothermal darnage to the 
upper :dermis uiider :a cooled epidermis, thereby initiat- 
ing the wound healing process under the .biological 
protection of an intact epidermis and achieving the 
required .collagen .^thesis 1 and remodeling. 13 " 1 The 
theory is. very good and the dermal histology bears 
the theory but, .as seen in 'Figs. 3A and 3B, but the 
results have been disappointing in practice from the 
standpoint, of patient satisfaction.. Some answers to 
this problem have come from combining wavelengths, 
usually one in the visible waveband followed by one 
from the near infrared; both systems normally use. 
aggressive epidermal cooling. 1 * T 17 However, this neces- 
sitates having two systems that remain rather expensive. 
If a system could be found that lessened the expense 
while maintaining the level of ^efficacy, it would be of 
benefit to clinicians and patients alike. 



1W long-pulsed N&YAG used in the current 
study operates at "the wavelength of 1064 nni, the. 
primary harmonic. This wavelength : Ls niUdly absbrfced^^ 
in water r but prefers protetnaceous targets such as blood 
vessels and the red bipod cells {mchin the 
mcJanin. Because the main target is prntcin with water as 
a secondary target, the heafingietBct.in the .target tissue: 
absorbing mc.lOoVnm beam is nonspecific. In addinon> 
because of the . scattering effect pf tisauc>on this wave- 
length, die area of greatest photon, den^ tliusTthc 
photbthermai effect, is .not 'at the surface' of the tissue, 
but-some 1 to 2 mjn below the-suria^^ the 
region of-interest for honabjat^ The 
treatment technique, which involves using the laser in 
the :noncon tact mode and painting the beam over the 
target area, .produces: a. mild heating in the skin, which 
can be -controlled by positibni.ng the; han dpi ece further 
•away from or nearer to the target tissue, to maintain the 
feeling ) of warmth that is the endpoint of thermal 
deposition in the dermis. The epidermis is not a very 
.good target for this wavelength, and provided the heat in: 
the dermis is riot excessive; with no retrograde .flow of 
secondary thermal, damage, in -put experience in the 
present study -the epidermis could be spared with no: 
cooling device required. Pain was not a major a factor 
in tlie study, with two patients reporting tie treatment 
was very painful. but bearable, and one patient reporting 
the treatment was painful The additional pain did not 
correlate with hetter results, however. 

The results, of tlie study, oh the other hand, show 
that the 6-month assessment patient SI and clinician and 
computer objective Ct values were low (40%, 40%, and 
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Figure 4; RepresentaliyBpatieni (B8^eer-ci|d .female, skin>type II) (A) before. treatmeni'and ; {B) at ilie ^month^ssessment point 7 
months after tfte fi^st. treai^«nt Improvement can be seen both in wrinkles and. pariicularlv in the skin texture condition, also in 
peicentage terms detected by the computer prog r a m (G, p).-For this assessment, an area of periocular wrinkles was selectetfand (C, D) 
shows the -sequence of before and Brnonthsjafter the'last. treatment^ wrth Jllustratlons done by the Cann^ operator-based automatic 
edge detection process, to generate outlines of the wrinkles, which are then extracted'as discrete. images and shown in isolation. A. 
reduction bi'the wrinkles Is noticed from these images with an improvement of 28.91'%. Refer, to the text tor details of the Image 
analysis process. 



50%, respectively) at a dme.wjieiij^modeUng.fihould.still 
be producing good results for wrinkles. The shottrterm 
results, however, were interesting, as shown in 1%. 7, 
assessed during the three treatments Horn die clinical 
photography by the independent physician. This shows a 
fairly steep improvement after the first .treatment, which 
leveled out after the second treatment and had plateaued 
by treatment 3. These data might suggest that a main- 
tenance treatment or treatments sometime after the 
peaks in SI and CI values seen at the 2nnonth assess.- 
ment stage might maintain die -improvement, and fur- 



dier suggest that collagen synthesis increased swifdy: 
after the first treatment, decreased by the third treat- 
ment, then increasedjagainrby the 2-month assessment. 
That might well be the appropriate time, to give another 
treatment. 

One obvious limitation to this study is the small 
number of patients from which meaningful percentages 
and statistics cannot be easily derived, but the results 
nevertheless show an apparent trend toward short-term 
collagen deposition with this fiinglc-modality approach. 
Additional treatments just at or afteT that 2-month peak 
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RgureF A 61-yeaH3ld male {Aj before and (Bj at theiS-month assessment after lons-piilse Nd:YAG skin rejuvenniion of his forehead 
Subtle improvements in the wrinkles can be seen, with good results related to skin texture. : 



either with the system used in the^preseatstiidy alone, or 
with adjunctive epidermal* and dermal care with appro- 
pnatc. cosmeceuticals, ^might have interest Lng. ^results. 
Additional studies are merited in larger patient groups 
to elucidate . if this, would :in fact be the ^case (as the, - 
manufecturers suggest) that this sj^era. can also be used 
with different parameters and techniques for hair rc- 

: moval and leg vem'rrcatjnent, v/^ 

:flVr.1imiring ; inaeased treatment costs for the patient. . 



CONCLUSIONS 

The residts rfrJic present single-modality study on long- 
pulsed NdrYAGrnonaljlative sldn-rejuvenaribn at the 6- 
;rnonth jassessihent point ; demonstrate; that treatment , '. 
does enhance skin • rejmxnatipn JHcwm^r,: results were 
not maintained .over \tiinc oiice rxcatment sessions had 
ceased, as;is, shown bp th^ fo objec- \ 



40 -t 



t/J 



■S 20 -. 



f 
B 




1 



Treatment sessions 



3 



Figure 7 Tho interesting rB^dtimprovoment of wrinkles during 
thp three t/eatments rifom a]6.%, baseline i 'jasseased by tho 
clir/rcran from the digUaf phbtogrnphy, reaching an objective 
clinical index (CI) of 34% after the .third session (see also Fig. 1). 



Laser 



V'!V 




Figure 6 Schemaiic illustration of beam pattern ola 1084-nm 
Nd:VAG beam in tissue, showing the hot. spot that exisrs under 
the epidermis .'instead of on the surface, due r to the scattering 
pattern of this wavelength and ils phbtoacceptors,* namely pro- 
tein and, to a lesser extent, water. 



rive analyses. The short-term improvement -and die peak 
of improvement at me 2-month assessment were inter- 
esting, and indicate the "possible : amelioration of the 
longer term results with the addition of complementary 
maintenance treatments or repeated laser sessions. 
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